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_ INTRODUCTION 


‘Analysis of the size consist of’ broken coal has been extended in 

recent years beyohd the.mere representation of the relative quantities. 

‘of! the various’ sizes present in a given lot of the material, Funda- 
‘mental characteristics of the coal related to the protess of breakage . 

fix the distribution of sizes, and it has been found by Rosin and Ramnler4/ 
that a relatively simple lew governs this property. Bennett&/has described 
@& graphical method of expressing the relationship, and by its use consider— 
able simplification in the expression of, size distribution is possible, 
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Several investigators have described the use of the Rosin anal. 
Rammler relationship in evaluating the size consist of coal. Bennet 
applied it to studies on broken coal and used this method to express 
degradation occurring in stoker screws, Geer and Yancey”/investigated 
the accuracy of the nethod and showed its applicability..to several sanples 
of coal, coke, and other meterials. , The success of this method applied 
to broken. coal was noted by ‘dustin8/in his discussion of various methods 
of plotting size distribution, Vogel Pare) pieemanae that the para-~ 
meters of the Rosin and Rammler eauation be used to exvress the friability 
of coal, lLandry.0/showed -the application of the method in considering 
the "inner percentages" resulting from decapitation to produce a resultant 
coal from run-of-mine, and Scot ll/used this relationship in deternining 
the original size consist of screened coal, Many of these investigators 
have also tabulated the results of the calculations required for the 
preparation af. the eabapas ruled paner used in plotting | the Bennett 
ceeerene Sire tee seh ae ace stare aAittes, hen ate 48 
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 Considernble time and painstoking lakor, Sowers: are “required to 
rule Saccuee aS the .base form used in the preparation of.such diagrams, 
and consaquently this technique hes not been generally used, The euthors 
and other .warkere in this field have felt the need for a standard graphicel 
- form that would obviate the necessity os its special ‘preparation by each 


individual user, 


, This paper describes such a form now uscd by the Bureau of Mines, 
. together with a weet epee eeelieee of its use, 
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cote ROSIN aN) RAMMLER BQUaTION 


‘In the references previdusly cited, a conplete ‘discussion of the 
theory and:-derivation of the Bennett nedification of the Rosin and Rammler 
equation is presented, For the purposé of this paper, oe is i necessary 
to state the equation and define its terms. a 

The modified equation used in ineieueseeaticn: of the graphical forn 
1s 


‘unere B is the hipgacatees or cunlative percentage by eeene of the ma- 
. terial retained on a screen having openings of linear dimension x, e is 
the base 6f ‘the natural logarithms, and xX and n are parameters related 
to the matcrial being studied, - This nodification, _by making the exponent 
@ pure nunber, gives.the law a dimensionless character and ‘simplifies the 
graphical treatment, since tt can. be converted .into a linear relationship 
in which the comstants.dre easily determined and. utilized. In shania 
‘this equation, it is-necegsary only to plot log log 1 against lo 
agreement with the law being indicated if. oe Rea is a straight 
line, If the base form has been prepared by Bénnett'siZ/method, n is 
determined by ‘direct measurement- of. the slope of this line, and X is the 
size corr eapondine be the value ef this line. at. R equal to 36.79, 


PREPARATION. OF. THE FORM ; 


The: values of dee log 190 from: RS = 1 to R= 99 were calculated to 


determine the relative spacing of the: indicated points on the ordinate 

scale, while the relative spacing of the screen sizes indicated on the 
‘lower abscissa scale were -calculated from the logarithms of .the screen . 
openings, The upper abscissa scale is. logarithmic and, ‘when scaled in 
millimeters, shows the millimeter equivalents of the points on the lower 
abscissa scale,” In order to permit the direct evaluation of n from a 
plot on this form, Bennett's.criterion that the.distance from R=l to R=99 
on the ordinate scale must equal the distance between 0,0436 and 20.00 on 
the. abscissa was followed in peregeernnes the siesta of the scales, 

The original of this graphical form was ruled on. ‘Bristol voard, 
approximately twice the size of the final printed form, Great care was 
taken to obtain an exactly rectengular figure, and the ordinate and abscissa 
lines were drawn in with an error not exceeding 0,2 millimeter. This 
original figure was then used directly to prepare the printing plate, the 
size being reduced PeODUECEL Sy to that required, 


Because of the dimensional. Instability of paper, ‘Yeésulting largely 
from changes in humidity, the relationship between the lengths of the 
two scales on each sheet should be determined beforé use to permit accurate 
determination of n dy direct measurement, On the-original drawing for this 
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form, the distance from 0,03 to 300 on the top scale is 1,503 times the 
distance from 1 to 99 on the left scale, If on a given printed sheet 

this relationship does ‘not exist, a ‘orrection must be applied in determin- 
ing  n. For example, if the ratio of’ these two lengths is 1,492, the 

true valuc of n is calculated by ieee the measured slope of a line 
plotted on the | forn by 1,492/1,503, ° °° 


USE OF. THE FORM 


The use of the form is illustrated ‘{n“fteure 1, In the upper table 
shown in this figure, the results of a sicve analysis are given, | The ... 
cumulative percentages retained,. or 2 velues, ‘have, heen calculated: and | 
these values plotted against. the corresponding sieve sizes shown on’ ‘the 
lower scale, The sieves used for: points: 7 "8. ‘and. 9, however, -are ‘not 
listed on the lower ‘scale, and in’ order to ‘aetertiine their pasition the 
equivalents of the sieve openings dn. millimeters ‘are determined and the 
points located from the top. scale,. For example, a sieve. having 1/16-inch 
openings (point ?)-48 the same as one having 1, 59—millimeter openings, 
Using: ‘the interpolation scale shown on the form, 1. 59 is located-on ‘the 
top scalé, and point.’7 lies directly below it at R= 89. The location ‘of 
most of: the sieves cormonly used in this country has hean, furnished,” 
including both the U. ‘Se Standard and Tyler series, ne. Bee 


Mepier use. ae is 7 ‘abscissa scare will be found if ranges of 
sizes are td be etudied other than those usually considered, By dis- 
regarding the bottom scale and assigning satisfactory, units:.to: the top - 
scale, the form may be used to plot the data‘for any) eize. range, whether 
expressed in microns; mils, centimeters, inches,- 6r any, other units, .. 

Thus the’ top scale has an unlimited range of dimensions’ and need be’ con-_ 
fined te ee Deno uere only. when - used in. conanet len with the bottom oe 


Lf only round-hole sieves are used, - . the coarse series designations 
may be employed directly, wih “however, both coarse and fine series” sieves 
have been used in a single sieve ‘analysis, the data must be consistent, 
the simplest: carrection being to convert the round-hole coarse series sieve 
sizes to eautvelent pave eueke sizes, 


In seromini ne n Fron fears 1, two convenient points A and. B. were 
chosen arbitrarily, | The X and Y ‘distances to these points were measured © 
as shown in.the lower. table of figure 1, and the _slope of the line,. 1s. 
was calculated from these values. The value of x is shown by. the intere’ 
| section’ of’ ihe ee line and R- 36,79, | 


a STONIFICANCE OF n | AND X 


ae at sear 


The slope n of the Whey aan curve: has: béen termed the: Ndistri- / 
bution constant”. by Bennettl3/ and the "distribution factor" . by-.Geer’ ‘and 
Yancey .i%, 14/ if a jugs of eos consisted. -entirely of aaa of eae 


Bennett, J. Go, work aieca in footnote 5- 
14/ Geer, M. R., and Yancey, H. P., work cited in footnote 7. 
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Figure |.--A typical application of the graphical form for applying the Rosin and 
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the sane size, the nlot would be vertical, and the slope would be infinite; 
as the size distribution of the coal in the sample becomes wider, the slope 
of the line decreases, The relative dustiness of the coal; or the percentage 
of fines, tends to increase with decreasing values of n,. . For most broken 
coals, the value of n determined from the sieve analysis usually lies be- 
tween 0.7 and 1.3, 


The constant x is Bennett's “absolute size constant" and corres-— 
ponds to "k" or the "size factor", used by Geer and Yancey, Itisa 
measure of the size of the material, has the dimensions of length, and 
is determined by the sieve opening on which 36.79 percent of the sample 
by weight would be retained, 


To illustrate the significance of these constants, assume that the 
sieve analyses of two coals If and N have been determined over the same 
set of screens and that these analyses have been plotted on the form 
discussed in this paper, Assume also that the values of the constants 
found for coal M are n = 0,90 and & = 1,25 inches; and for coal N, n= 
0,75 and X= 0, 90 inch, Knowing that these two samples agreed with” the 
Rosin and Ramnler law, it would be possible to reconstruct their complete 
sieve analyses. For example, for coal M, a line drawn through the point 
R= 36.79 and x = 1,25 inches and having a slope of 0.90 would synthesize 
the complete sieve analysis of the material for any set of sieves desired, 
&lso, by use of the constants, coals M and N can be compared. Because of 
its higher X value, coal M is coarser than coal N; and because of its | 
higher n value, coal M is more uniform in size than is coal N. By use of 
these parameters other useful comparisons can be made between the two 
materials, helpful in many fields of fuel utilization and preparation. 


SUMMARY 


A printed form for use in plotting the size consist of samples of 
broken coal has been described, This form was prepared as a convenience 
in applying the sennett modification of the Rosin and Rammler equation 
to the interpretation of size-consist data, The significance of the 
constants used in this equation have been briefly described and an example 
of their application given; 


& sample copy of this graphical form, approximately 12 inches by 18 


inches, printed on paper suitable for use with ink, may be obtained free 
upon request of the Bureau of Mines, Washington, 25, D. C. 
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